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A radiation evaluation was performed on TrS416400(16 Mbit DRAMSs, 5-volt) o derermine the total dose
tolerance of these parts. A biief suinmary of the test results is provided below. For detuiled information, refer to
Figure 1 and Tables I through Iv.

The total dese testing was performed using a Co” gamma ray source. During the radiation testing, five parts of
cach type were irradiated under bias {sec F igure | for bias configuration) and one part of each type was used as a
control sample.  The total dose radiation levels were 53, 10,and 12.5, krads”, 'The dose rate was between 0.04 and
0.12 krads/hour (see Table 1] for radiation scheduls. Belween the radiation steps of 10 and 12.5 krads . purts were
annealed under bias at 25 ¢ for 600 hours to determine I["the parts would show significant recovery in the very low
dose raie spacc cnvironment ), After each radiation expuosure and annealing steps , paris were electrically lested
according to the test conditions and the specification limits™ listed in Table IIl. The electrical tests included six
funclicnal tests. These were as [ollows: 1. SIMPLE FUNCTIONAL TEST {(which consists of randomly acgessing
wo addresscs without using the algorithmic pattern generator), 2. COL_ADDRFSS, 3. ALL_ONES, 4,
ALL_ZEROS, 5. CHECKERBOARD & INVERSE CHECKERBOARD, 6. SURROUND.

All irradiated parts passed ail functional and electrical [ests initially and on imadiation to % krad irradiation level.
No significant degradation wus observed in any DC or AC parameter.

After 10 krad irvadiation, SN#46, 48 and 49 failed all functional tests and number of VIH_and VIL tests ang liming
parameters. The parts also showed significant increase in [CC1 , ICC2, ICC3, 1CC4, ICCH and 1CC6. The readings
for ICC1, ICC3, ICC4 and ICC6 ranecd from 27 to 128 mA against the specification limit of 80 mA, The readin g8
for ICC2 and ICC5 ranged from 1.7 to 16 mA against the specification limit of 2.0 and 1.0 mA respectively. Please
note that 128 mA and 16 mA was the preset limit of the Automatic Test Equipment . This implies that some of the
failing parts could have ICCI, ICC3, ICC4 and 1CC6 readings higher than 128 mA and 1CC2 and [CCS readings
higher than 16 mA. Although SN# 47 passed all functional tests, it showed significant increases in JCC4 and ICCH.

The part was kept under annealing (@ 25°C for 600 Hours (= three weeks Mo see if it would show- functional
recovery and decrease in ICC parameters Electricul measurements were made after 24, 48, 120 and 600 Hours ta
monitor any recovery in the parts. It was found that parts passed all functional tests after 120 hours of ainealing and
showed significant reduction in the 1CC paramieters although some parts still exceeded the specification limits. A lso
two patts continued (o fail VIH-MIN tests, The elecirical measurements after 660 hours | showed further recovery in
the parts. All parts passed ail functional tests and DC/ AC tests except the readings for 1CCS ranged from 1.1 t0 1.7

“'I'he term rads, as used in this docurnent, means rads(Si,). All radiation levels cited are cuinulative.
" These are manufacturer’s pre-iadiation data specification limits. No post-irradiation limils were provided by the
manufaclurer at the time these tests were performed.
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mA against the specification limit of 1 mA. The annealing resulls indicatc that in the low dosg rate space
environmenl , these parts should pass up to 14} krads.

The parts were further irradiated to 12.5 krads All parts failed ali functional tests and showed very significant
increase in all ICC parameters. Parts also failed a number of other DC and AC tests, Some recovery was observed
on annealing for 96 hours ar 25°C, However, it was clear that these parts could not be used al this leve),

Tinally the purts were anncaled at 100°C for 240 hours to look for uny reversc recovery or rebound that can occur
for some technulogies. No roverse recovery or rebonnd was observed.

Table IV provides a summary of the mean and standard deviation valugs for each parameter afier each irradiation
cxposure and annealing step.

Any further details ahour this evaluation cun be obtained upen request, If you have any questions, please call me at
{3011 731-89354, " -
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ADVISORY ON THE USE OF THIS DOCUMENT

The information contained in this ducument has been developed solely for the
purpose of providing general guidance 1o employees of the Goddard Space
Flight Center (GSFC). This documient may he distributed outside (GSFC only as
a cuurtesy to other povernment agenvies and conrractors. Any distribution of
this dovument, or application or use of the information contained herein, is
expressly conditional upon, and is subject Lo, the following understandings and
limitations;

{a) The information was developed for general guidance only and is subject 1o
change al any time;

(b} The information was developed under un ique GSFC-laboratory conditions
which may differ substantially from outside conditions;

(¢) GSFC does not warrant the accuravy of the information when applied or
used under other than unique GSFC laburatory ennditions:

(d) The information should not be vonsirued as a representation ol produer
perlormance by cither GSFC or the manufacturer,

{e) Neither the United States government nor any person acting on behall of the
United Slules government assumes any liability resulting from the application or
use of the informatien,
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Figure 1. Radiation Bias Circuit for TMS416400
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TARLE 1. Part Information
Generic Part Numbers: TMS416400

Part Numbers TMSE416400
Control Numbher: 15548

Charge Number:  M71384
Manufacturer; TI

Lot Date Codes (LI3C): Mot Marked on Parks
Quantities Tested: 5
Serizl Numbers of Contro! Samples: 45
Scrial Mumbers of Radialion Samples: 46,47 48,49

Part Funerion: 16 MBit DRAM
Part Technology: CMOS

Package Style:  24-pin S0 (plastic)
Test Equipment: S-30

Engineer: A, Duvalsaint

* No radiation: tolerance/hardness was guarantecd by the manufacturer for this part.
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TABLL II. Radiation Schedule for TMS4 16400
Y INITIAL CLEC TRICAL MFAQIIREMENTS 12/13/94

2) 5 KRAD IRRADIATION (0.12 KRADS/HOUR) T T 2 PT T
PUST-5 KRAD ELECTRICAL MEASUREMENT ..o tstisssmtsesssess e oo oo 12/16/06

3) 10 KRAD IRRADIATION (0,12 KRADS/HOUR) N v T
POST-10 KRAD ELECTRICAL MEASUREMENT .cooovreeron oo oo 7770700 (2/18/96

14} 120-HOTIR ANNCALING @25°C 12/18/96
POST-168 HOUR ANNECAL ELECTRICAL MEASIUREMEN| e e L223/96

14) 600-HOUR ANNEALING @25”(} 12/23/96
POST-600 HOUR ANNEAL ELECTRICAL MEFASUREMENT e e et e eeses e reenns. 11000 T

3) 12.5 KRAD [RRADIATION (0.04 KRADSATOUR) .o
POST-12.5 KRAD ELECTRICAL MEASUREMENT ..o oo,

DL RT
W U1713/97

4) 96-HOUR ANNEALING @25°C e b b b et e s ene O 1] 3T
POST-96 IIOUR ANNEAL ELECTRICAL MEASUREMENT P e e e e, 017 ] 708

15) 240-HOUR ANNEALING @ lﬂ'ﬂ“C DI/176
POST-240 [IOUR ANNEAL ELECTRICAL MEASUREMENT S e e e e O L2 TOG

All parts were iradiated and annealed under bias. See Tigure 1
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‘lable (M. Flectrical Characteristics of TME4 164010
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TABLE 1V:

LHLEF LRGN, allh

Summary of Electrical Measurements after Total Dose
Exposures and Annealing for TVIS416400(see Notes 1-5 below)

Total Dese Kaposure (laads) Annenlmg Tatal [ipre foruisy Anmealing

Functinnal Tests 2 43 Ltk 5 1 120 hrsig 22 C 608 breigz=0: |12.5 SEhra@25% | 290 brs g 10T
VoS0V, V=00V, Vih=5.0Y Freq=sMHx P & IR 4P Fi 3Fr 4F | 4P
Vo3 0 VIED Y, ¥ih=5 . Freq==MHz P F IFHFP 4F 4F 3F/P 4F 4F
Vere5S Y Vile DOV, VihaS.08 Fregeshillz F P e a4F LR 1F/F 4F 4p
V=5V VI=9, 07, Vil=5.0%, Freq=5MFx P I? 3FIE 4’ qF AEAr| - qF dF
¥ee=5.04,VIl=IL#Y, V1b=5.V Frea=AMIz F P ' 3FNP 1F 1P 3F/IP 4F 4P
T L oy —— ¥ P | seap P P IFIP {F 4F

Spec. Lo 5
Parumeters Units  min  mar [ I
VIEL MIN_4.5V v . 24 | 2w om | o IPIF IPILF 0| eaz | aF - | tPIEF 21| 003
VIH_MIN_5.5v v 0 24195 | cos| EChTS P 14 002 4F | PF) 20 | o3
VIL_MAX 4.5V ¥l -0 2z ) w1 [foas| o3 | o6 | ap 4P 123 oy | o7 | ez | 0 | o3 | 2 | ez
VII_MAX_5.5% Vi-tajae fbasalorr| o1 | o | ap de 021 [ 016 | 04 [ 02 | 04 | 02 | 65 | 03
1H BA [ 108 00 ) 08 | @0 . 00 [ 0u | 96 | 263 | wo | o0 | oo | oo | e e | eo | ool oo LN
nL MA | CTO0] 100 ) 00 | €0 | w0 ! 00 [ 47 | 060 | 0T | 045 | 0.0z | 008 | 012 |05 0l fR32 | ne | g
H7ZH pA |10 ) o] 0o |00 ) 00 | 00 0w, @0 0B | 05 @ og | oo 20 | a0 0 0 a0 | 90
[CZ1. pA 100D IO 0w | oas | 00 | #0 | 07| a7 | 53 ¢ 041 | peg D45 072 | 039 | 041 | 032 | oo 0.0
1 mA | 0 M) qzo )| 63 31| 15 | w60 ] 41 | a5z | 2 15 | &2 | 32 : 337 | Ry | 1! 312 57
e mi | o 20 o8 b 01 ferg et ] 24 ) 72| sa ] 22| 11| 02 | wa D0 123 | 34§ 01 | des
[Tals! mA |0 | O J27A| 033 280 | 03 | w62 [ 470 | 342 | 56 | 292 | 03 | 688 | 326 | oLl 3.4 | 2183 [ 937
leed ma | @ jene ) aks ;02| 102 0d | 128 | uo | 154 54 | 105 ] 02 | azn SO0 W3 A4 113 034
bt mA | D 10 J 018 | on [ 0N [ o875 160 | 20 | 15 | 03 | n: | oz | 160 oL | 1n2 '. 33 wag | o4
W06 ma | O [ "0 ) 428 0a6 ! 520t 20 | Aar | uss | as2 ] 15 | 173 ¢ 03 | Tsg 243 6L 222 | 396 | 54
TA4_LH ns | B | 3504 155 | &1 ass | as |seav e e | | eF 2Ki2P 1w [
TaA_HL s 2 | o 1Es ] 02 | 1ew . 02 | 3PAR! P F ¥ 2P & i

1/ The mwan and standard deviation values were caleulated over the four parts irtaciated in this testing.

2/ The centrol samples remained constant throughout the testing are are not included in this ble,
37F” indicatcs that all purts passed this test at this imadiation or amnealing leve]. ")
fatlad this test at this irradialion or annealing [=vel,

[ailed this test at this imadiation or annealing level.

4/ Ne reliable measurements sould bhe ablamed for iz 1ot ut this level.

5/ These arv manufactuter's pre-imadiation data shust specification limits. No post-ircadiation limits
wene provided by (he manulactarer at the titme these tests were performed.

inchicates that all pacts
"nPml** mdicztes that n parts pussed and m parts




